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This  p^prr  ilfici  « new  type  of  surface  acous- 

tic wav#  grating  resonator  In  which  the  particle  dis- 
placement of  the  rut  face  wave  Is  parallel  to  the  sur- 
face. By  contrast,  the  now  «.*el  1 -known  SAW  (Rayleigh 
wave  grating  resonator  has  Its  particle  displacement 
In  the  saggital  plane. 

In  the  SAW  tesonator  the  function  of  the  grating 
structure,  which  consists  ol  either  grooves  or  metal 
strips,  is  to  provide  two  highly  reflecting  Rayleigh 
wave  mirrors , between  which  a standing  wave  is  excited 
by  means  of  an  inlet  digits l transducer.  The  basic 
function  of  the  giating  in  the  horizontal  shear  (SH) 
type  of  surface  wave  resonator  considered  here  is  quite 
different.  An  SH  surface  wave  cannot  exist  on  a homo- 
geneous (unlayered)  substrate  in  the  absence  of  some 
periodic  vat  la t Ion,  such  as  a grating,  along  the  sur- 
face, v That  i*  to  say,  the  aur face  wave  In  this  rase  is 
a vibrational  mod#  of  the  grating  Itself.  On  the  other 
hand,  th#  grating  is  now  not  required  to  realize  a high- 
ly reflecting  mirror,  because  the  Sll  motion  irflects 
without  spurious  node  coupling  at  a tract  Ion- free 
boundary  placed  in  any  symmetry  plane  of  the  structure. 
Tor  this  reason  this  new  type  of  resonator  promises  a 
substantial  advantage  in  minlatur izat ion  ccxnpaicd  with 
the  conventional  SAW  resonator. 

SH  surface  wave  resonators  on  F7.T-8,  Y*eut  X-pro- 
pagating  LINhO,  and  ST  quartz  have  been  fabricated  and 
tested.  FxcltAtlon  was  by  means  of  an  interdigital 
structure  deposited  on  top  of  the  grating  teeth,  and 
the  dimension*  weie  chosen  to  give  a resonance  in  the 
region  of  1 to  ? MHz,  The  groove  depth  was  in  the 
range  of  0.01",  and  it  was  found  that  the  diamond  saw 
fabrication  technique  used  did  not  provide  adequate 
precision.  Consequently  the  quality  factors  realized 
were  low  (<  JOOO),  and  use  of  relatively  shallower 
etched  grooves  at  higher  frequencies  is  clearly  called 
for. 

Since  a sufficient  condition  for  the  existence  of 
this  type  of  surface  wave  is  a periodicity  of  the  con- 
ditions along  the  surface,  another  technique  for  trap- 
ping the  wave  at  the  surface  la  depoaitlon  of  an  array 
of  metal  strips. 

Key  words  Resonator,  Crating,  Horizontal  Shear, 
Inteidlgital  Transducer,  FZT,  Lithium  Niohate,  Quartz. 

Introduct 1 on 

In  an  earl  let  paper ^ the  existence  of  a horizon- 
tally polarized  shear  (SH)  surface  wave  on  a roii  ligated 
substrate  was  demonstrated  by  virtue  of  the  exact  ana- 
logy between  till  a elastic  wave  problem  and  t lie  corres- 
ponding elect » omagnet ic  problem.  An  extensive  litera- 
ture exists  for  the  latter  case  and  the  solutions  given 
were  found  to  he  in  good  agreement  with  experimental  re- 
sults obtained  for  shear  surface  waves  on  a corrugated 
aluminum  substrate.  Observation*  were  made  by  labi lea- 
fing a Unite  length  of  corrugated  surface  (or  grating) 
and  measuring  the  transml salon  resonances  with  thick- 
ness shear  transducers  bonded  to  the  ends  of  the  f ini  to 
length  of  grating.  The  surface  nature  of  the  wave  waa 


confirmed  by  measuring  gratings  on  substrates  of  dif- 
ferent depths. 

Although  previous  cxpsrlments  confirmed  the  ap- 
plicability of  the  elect nxnagnet ic  solutions  to  the 
clastic  wave  problem,  the  transducers  used  excited 
both  the  surface  wave  of  the  gtatlng  and  thickness 
waves  of  the  substrate.  The  mode  spectrum  was  thera- 
fore  cluttered  with  many  spurious  responses  and  en- 
tirely unsuitable  for  resonator  application*.  The  pre- 
sent paper  describe*  an  investigation  of  SH  surface 
wave  resonances  on  piezoelectric  substrates.  Efficient 
selective  excitation  of  the  grating  is  then  achieved  by 
suitably  choosing  the  substrate  orientation  and  deposi- 
ting a transducer  electrode  on  top  of  each  tooth.  As 
will  be  seen,  individual  resonant  modes  of  a finite 
length  of  grating  may  be  excited  by  suitably  chosing 
the  distribution  of  voltages  applied  to  the  electrode 
art  ay . 

It  should  be  pointed  out  that  the  SH  surface  wave 
considered  here  is  Intimately  related  to  the  surfare- 
sk  Inin  tug  shear  wave.*-**  The  latter  wave  or,  more  pro- 
perly, radiation  pattern  consists  of  a horizontally 
polaiized  shear  elastic  vibration  skinning  along  the 
suit. icc  and  slowly  diffracting  Into  the  substrate. 
Diffraction  losses  are  determined  by  the  vertical  di- 
rectivity of  the  interdigltal  transducer  (1PT)  used 
for  excitation.  Consistent  with  the  analogy  of t he  IDT 
as  an  cnd-flro  antenna  stray,  the  radiation  pattern  is 
sharpened  and  diffraction  losses  are  reduced  by  in- 
creasing the  length  of  the  IDT.  Addition  of  a grating 
structure  to  the  surface  permits  the  existence  of  a 
genuinely  bound  SH  wave,  which  travels  at  a velocity 
slower  than  that  of  a bulk  SH  wave.  If  the  IDT  is 
suitably  designed  to  synchronize  with  this  bound  wsve, 
ss  in  the  case  o(  a Rayleigh  wave  transducer,  there 
will  be  essentially  no  diffraction  loss  into  the  sub- 
strate. 

SH  Waves  on  an  Infinite  tit  at  li\g 

One  way  of  picturing  an  SH  grating  vibration  is 
to  imagine  it  an  evolving  from  the  standard  tuning 
foik  tesonator  shown  in  the  upper  left  of  Fig.  1.  An 
analogous  type  of  tuning  fork,  in  which  the  aims  move 
in  face  shear,  is  shown  on  the  right.  Stacking  of  a 
number  of  these  resonators  in  an  array  leads  to  the 
tuning  fotk  giating  shown  at  the  bottom  ol  the  figure, 
fn  which  the  dashed  lines  are  tract  ion-free  surfaces. 
The  basic  SH  grating  (Fig.  P)  evolves  from  this  ss  the 
dimension  is  extended  to  infinity  along  the  particle 
displacement  direction  and  the  individual  supports  are 
replaced  by  a continuous  substrate.  With  a fixed 
tooth  spacing  d , the  (requeney  increases  with  de- 
creasing length  of  the  teeth,  lust  ss  in  the  ease  of 
the  original  tuning  folk.  The  giating  ronf igurnt ion 
provides  a menus  lor  realizing  a tuning  folk  type  of 
resonance  st  frequencies  where  a single  fork  becomes 
too  small  to  fabricate  and  mount. 

Because  the  spatial  period  of  the  vibration  In 
Fig.  P is  Pd  the  displacement  field  in  the  substrate 
can  be  written  as  the  Fourier  aeries  shown  in  the  fig- 
ure, where  «n  is  the  amplitude  of  the  n**'  Fourier 
component  and  the  Y exponential  coefficient  fa 
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teleted  to  the  wavelength  of  a bulk  ilirit  W4vr  by  th« 
equation  on  the  line  below.  It  foiliMt  frnn  thin  that 
'n  1*  teal  wtitn  2d  Is  lea#  (h.m  a bulk  shear  wave- 
length. In  thin  i«m  all  of  the  Fourier  components  de- 
cay ffxponcntliUy  Info  the  sobatiat*  - that  la,  the 
xx'tloo  I * a ftuttavr  vibration  bound  to  the  grating. 

IMa  argument  ilon  not,  of  course,  prove  the  rxlatrnc# 
of  «uch  a vibration,  but  Ita  existence  ha  a already  hern 
ilfmonatutvJ  .v.ulytlraU^  In  the  case  of  the  analogous 
e le*.  trcroagnet  U juoMv®.  *»  * 

The  vibration  shown  in  Fig.  2,  which  ha*  a phase 
•hi  ft  of  n from  one  grating  tooth  to  the  neat  (the 
n-mode),  (•  only  on#  ol  many  that  can  exist  on  thla 
periodic  structure.  In  the  pievlou  discussion,  the 
grating  was  regarded  aa  rssent tally  an  Infinite  array 
o!  tuning  forVa.  Alternatively,  one  nay  look  at  the 
teeth  aa  an  array  of  cantilever  supported  lace  shear 
plate  vibrators  that  ate  lightly  coupled,  one  to  the 
next,  through  the  substrate.  The  vibration  spectrum 
consists  of  a continuous  distribution  of  coupled  nodes, 
analogous  to  the  modes  of  a periodically  mass- loaded 
vibrating  string.  In  this  case  the  phase  shift  fttxo 
section  to  sectitxi  Is  related  to  a continuous  wave  num- 
ber V *•  SVj/V  , which  takes  the  value  n/d  for  the 
:T-»ode  discussed  above  (Fig.  M, 

As  shown  In  References  k and  *»  the  relationship 
between  u>  and  V tor  this  grating  surface  wave  has 
the  same  form  as  for  waves  on  the  periodically  loaded 
string.  The  frequency  of  the  ti-mode  (k  - tr/*<  tn  Fig. 

M coi responds  to  the  lower  edge  of  the  stop  hand. 

Above  this  frequency  the  sur  face  wave  is  iurrrpropag.it  tng 
(or  cut-off).  As  the  depth  of  the  giatlng  grooves  is 
decreased , the  frequency  of  the  7i-m*xle  In*  teases  until 
the  V^mj  line  is  reached.  This  cotiesponds  to  the 
sur face - sk miming  shear  wave  discussed  above.  In  the 
so-called  slow  wave  region  Ivlow  this  line  t lie  solut  loir 
Ik  always  a sot  tec#  wave. 

It  should  be  eirphas  trod  that  very  lit  lie  slowing 
i«  required  to  produce  a we  1 1 -cotrf  Ined  auria*e  wave. 

A Rayleigh  wave,  for  example,  has  a phase  ve  lo*itv  that 
ik  only  some  five  percent  below  the  bulk  shear  velo*  lt\ 
but  Is  confined  to  a depth  less  than  a shear  wavelength. 
*'.ie  nerds,  therefore,  only  a shallow  grating  to  trap 
the  SH  wave  on  Che  sui lace. 

f in  I t e Ur  at  (ti^  Kesonat  or  s 

To  produce  a standing  surface  wave  resonance  the 
grating  structure  mist  be  teimlnated  In  s parr  of 
mirror  reflectors.  In  the  standard  RAW  resonator  these 
mirror*  sir  realised  bv  long  (several  hundred  periods) 
.rating  arrays  designed  to  operate  In  the  cut-off  rc~ 

■ 'on,  lor  the  Ml  surface  wave  resonator  this  is  not 
•cessary.  A mirror  can  be  realited  bv  terminating  the 

• rating  in  a suitably  located  t » act  Ion- 1 roe  boiindaty. 

In  the  case  of  the  -mode  this  is  easily  seen  bv  exam- 
ining Fig,  I',  where  the  particle  dl sp l •cement  Is  along 
. and  varies  with  v and  z . Vnw  the  symmetry  oi 
: ?.e  vibration  one  has  that  the  displacement  u^  is 

i x t t-uim  with  i e sped  to  the  y var  iaf  ion  at  the  plane 
•noted  bv  s dashed  line  in  the  figure.  This  means 

• ' » .» f tl»e  attain  component  and  the  stress  com 

one nt  T^^  aie  ret*»  on  this  plane.  Since  u Is  a 
mu  I ion  only  of  y and  .•  , the  sties-,  component* 

x and  Tf  . arc  el-o  rero  - lust  the  condition.,  i 
1 1 1 c»l  foi  a t ra*  l I on- 1 1 ee  boundary,  whi*h  a*  is  as  a 
i In.  I mirror.  gy  further  nimrtiv  arguments  one  * an 
' .*w  that  the  sane  boundary  conditions  a.  t s aw  a per 
•cct  mirror  tor  a suits**-  wave  witn  any  wavenumber 

Figure  k gives  the  profile  of  an  N sc* Clou  r e- 
.'nelor  contained  between  two  such  mirror  reflectors. 

?$2 


As  in  any  standing  wav#  resonance,  the  resonance  con- 
dition is  that  the  length  l.  be  Integral  number  n 
of  halt  wavelengths  or,  equivalently,  that  k • nn/ND  . 
For  # Iv'-se.tlon  resonator  there  ate  therefore  ten 
mode*  ol  resonance,  with  frequencies  del crialited  ft*mi 
the  diaper  i .oa  diagram  by  the  const rucf  Ion  shown  on  tha 
figure.  A particular  mode  may  be  excited  by  applying 
Che  cor  r espv'nJ log  dl  st  r Unit  ton  of  voltages  to  the 
electrode*  located  on  the  tops  of  the  teeth.  Our  ex- 
pet  intent  * have  been  performed  on  the  ft -mode  in  which 
alternate  c *.  «*c  1 1 odea  ate  excited  llVY*  exit  of  phase,  as 
in  a conver  t ions!  IDT. 

We  have  fabricated  and  tested  three  SH  grating 
resonator  t w : th  groove  profile  dimension*  as  given  in 
the  upper  left  of  Fig.  k and  resonant  frequencies  for 
the  n-rrode  m the  tange  of  1 to  i».‘*  HH».  The  resonator 
proper  i*  defined  by  an  electroded  region  on  the  top 
surface  of  a grooved  block,  large  enough  lo  eliminate 
edge  of  tecta  and  to  permit  probing  of  the  vibration 
pattern  outside  the  electrode  region  by  means  of  small 
rubber  da*v.ng  pads.  The  gr*»ove*  weie  fiist  cut  with 
a diamond  saw.  the  top  suila*.e  and  retlecting  edges 
were  then  polished,  the  electrode*  deposited  and  the 
gold  wire  leads  attached. 

In  these  initial  experiments  no  st  tempt  wax  made 
to  polish  the  inside  of  the  grooves.  Ax  will  he  seen, 
this  leads  to  problems  wi f li  rvsonance  bioadening  and 
coupling  into  spurious  modes  due  to  grating  nonun  t f or - 
mitv  and  surface  roughness.  It  is  clear  that  the  best 
way  to  t^aVe  these  structures  is  bv  deep  etching  tech- 
niques .* 

The  iifiortaiice  of  groove  depth  uniformity  is  clear 
fi«xw  the  dispersion  curves  in  Fig.  U,  where  it  is  seen 
that  the  frequency  of  the  ti-mode  is  strongly  dependent 
on  the  groove  depth  h . Norton l form  groove  depth 
therefore  causes  different  parts  of  the  grating  to  re- 
sonate at  different  frequencies.  This  effect  was  ob- 
served in  x*m*e  ol  out  gratings,  where  the  vibration 
wax  Knur.!  by  mechanical  probing  to  be  \oca\ixed  in  a 
small  region  *»f  the  grating.  Tighter  tolerances  on 
the  tabr  leal  ton  pioce«luie  were  found  to  reduce  this 
s' I fret  . It  appears  from  these  results  that  the  rexo- 
name  to  aid  be  confined  to  a vies i red  region  oi  the 
aor  ta*  e bv  deliberately  tailoiing  the  depth  profile  of 
the  groove*. 

He*  ban  lea  l probing  of  the  resonators  with  aural  \ 
rubber  pads  confirmed  t lie  sin  face  wave  nature  of  the 
vibration  and  also  demon  at  rated  a lateral  confinement 
of  the  vibration  to  the  electrode*!  region.  A lateral 
decay  distance  of  the  order  of  l cm  was  observed  out - 
side  t he  < l cell oded  region.  This  is  due  to  imrxs  load- 
ing bv  t re  electrodes,  winch  effectively  in*  teases  the 
depth  o'  the  grooves  under  the  elect  r odea.  because  oi 
this  lateral  i out incmcnt  transverse  modes  are  also  ob- 
served. a*  In  standard  SAW  resonators. 

IVT-l'  i'er  rmi*  Ri'-.onatot 

1'ir  insert  of  Fig.  *'  shows  a highly  x thematic  le 
pi  esent  at  Ion  of  t lie  resonator  geometry.  To l tug  is  in 
the  cite*  tiiir  r nd  i*  at  ed  bv  the  heavy  snow.  Since  it 
is  n*  t oxxiMe  lo  pole  ovoi  a length,  the  Mock 
wax  ‘.i  : . fltnl  lr*x»r  six  l pieces  tarelullv  gioond 
and  bur  e»t  together  witli  epoxy.  No  r epol  i shr  ng  wa* 
pet  i : « »*  after  xawrtrg  the  grooves,  and  the  groove 
dept  .as  measured  lo  be  appr ox imAtc l v five  percent 
greater  at  the  left  end  of  the  grating  than  at  the 
tig'  ( . when  the  t wo  halves  of  the  grating  were  excited 
Independently,  di  tin  cut  i exon.int  frequencies  were  oh- 
taiaec  - as  expe*te«l,  the  lower  frequency  correspond- 
ing to  the  larger  groove  depth. 


Figure  5 shows  the  measured  Input  Impedance  char- 
acteristics lor  the  entire  grat  log  - the  small  peak  at 
l.l?OMHz  corresponding  to  t he  deep  end  of  the  grating. 
A variation  of  groove  depth  in  the  order  of  five  per- 
cent corresponds  to  a frequency  variation  in  the  order 
of  one  percent.  The  estimated  resonator  Q Is  of  order 
201,  compared  with  a ratcrlal  Q of  order  tOO  determined 
by  pulse  echo  measurements  In  a large  block. 

We  have  also  tested  the  same  geometry  as  a Ray- 
leigh wave  grating  resonator,  with  the  poling  In  the 
vertical  direction  In  Fig.  5*  As  anticipated  the  Q is 
much  lower  (of  order  50)  because  tract  Ion- f t ee  bound- 
aries do  not  act  as  good  mirrors  for  Rayleigh  wave 
mot  ion. 

Y-X  l.lthtum  Nlobate  Resonator 

A lithium  nlobate  resonator  was  made  In  order  to 
more  clearly  Isolate  the  effects  of  surface  roughness 
and  resonator  geometry  on  the  Q- factor.  As  shown  In 
Fig.  6 a resonator  of  scmiewhat  different  dimensions  was 
made  on  a single  crystal  block,  using  the  same  fabrica- 
tion method.  The  top  surface  Is  Y-oriented  and  the 
grooves  are  along  7 . By  cutting  the  grooves  before 

polishing  the  top  surface  and  finishing  afterwards, 
grooves  with  clean  upper  corners  were  obtained.  They 
were,  however,  very  fragile  and  had  to  be  handled  with 
great  care. 

The  Impedance  curve  In  the  figure  Is  for  an  unsup- 
ported sample  and  exhibits  a very  dense  spectrum  of 
spurious  hulk  modes  in  the  region  of  the  main  and 
transverse  surface  wave  resonances.  Appearance  of 
strong  spurious  modes  only  in  the  region  of  surface 
wave  resonance  indicates  that  the  spurious  coupling  is 
through  mechanical  imperfections  of  the  grating  and  not 
directly  from  the  electrodes. 

Figure  7 shows,  on  the  same  scale,  the  impedance 
character i at  lea  after  glueing  the  ends  of  the  lithium 
nlobate  block.  The  bulk  modes  are  now  strongly  sup- 
pressed, although  some  spurious  Is  still  apparent  near 
to  two  transverse  resonances  on  the  high  frequency  side 
of  the  main  resonance.  There  Is  now  a strong  surface 
wav#  resonance  with  a maximum  impedance  of  300  kil  , and 
Figs,  ft  and  9 show  that  the  maxlmisn  spurious  response 
over  the  range  from  l to  7.5  MHz  Is  U kil 

Figure  10  gives  on  a logarithmic  scale  the  de- 
tailed impedance  response  in  the  vicinity  of  the  re- 
sonance and  antiresonance  points.  Because  of  the 
large  number  of  spurious  modes  near  the  series  reso- 
nance point,  it  is  not  possible  to  calculate  the  Q by 
the  standard  procedure,  but  it  Is  estimated  to  be  not 
more  than  2000.  This  very  low  value  is  clearly  due  to 
the  energy  loss  coupled  into  a large  number  of  bulk 
modes  and  subsequently  dissipated  in  the  supports. 
Further  precision  in  grating  fabrication  is  obviously 
called  for. 

ST  Quarts  Resonator 

Figure  11  shows  the  geometry  of  n grating  resona- 
tor on  a 39.3°  MSTM  quartz  plate  with  the  grooves  along 
the  X direction.  Note  that  the  thickness  of  the  sub- 
strate is  much  less  than  In  the  other  examples.  Al- 
though the  resonator  is  unmounted  tho  spurious  mode 
response  Is  small  compared  with  the  lithium  nlobate 
case,  and  the  response  ts  clean  outside  the  10  KHz  fre- 
quency range  shown. 

As  in  the  TZT  resonator  the  low  frequency  peak  is 
attributed  to  nonunlformlty  of  groove  depth.  Since 
this  second  peak  occurs  very  close  to  tho  main  aortas 
resonance  point,  it  is  not  possible  to  arrive  at  an  ac- 


curate evaluation  of  Q.  We  eat  invite  a value  In  the  or- 
der of  3000. 

Conclusions 

In  summary,  we  have  experimentally  verified  the 
surface  character  of  Sll  vibrations  on  deep  giatlng 
structures  and  have  measured  some  of  the  properties  of 
grating  resonators  of  this  type  operating  on  P7T-ft,  YX 
lit  hi. an  nlobate  and  ST  quaitz  In  the  frequency  taugc  of 
1 to  2 MHz.  Q- factors  obtained  are  low,  not  more  than 
3CXK).  This  is  due  in  part  to  technical  difficulties  in 
accurately  and  uniformly  fabricating  the  large  grooves 
required  at  these  low  frequencies  and  in  part  to  mode 
scattering  due  to  the  effect  of  substrate  anisotropy 
on  the  behavior  of  the  tract  ion- free  reflector  sur- 
faces. 

The  fabrication  problems  encountered  point  up  the 
need  to  study  shallower  grating  resonators  operating 
at  higher  frequencies.  As  pointed  out  earlier,  only 
a small  atrount  of  slowing  is  needed  to  trap  the  Sll  vi- 
bration on  the  surface,  and  the  grooves  need  only  be  a 
suull  fraction  of  a wavelength  in  depth.  Since  the 
periodicity  needed  for  wave  trapping  may  also  he  in- 
duced by  periodic  boundary  conditions  on  the  surface, 
an  attractive  alternative  is  mass- loading  or  electri- 
cal short  circuit  strips  deposited  on  the  substrate 
surface. ^ 

The  major  potential  advantage  of  the  SH  grating 
resonator  over  the  standard  SAW  structuie  is  in  its 
small  sire.  Because  the  grating  itself  does  not  aerve 
as  a mirror,  only  a small  number  of  periods  is  re- 
quited. Also,  the  presence  of  a spectrum  of  resonator 
modes  that  can  be  selected  by  appropriate  coding  of 
the  applied  electrode  voltages  suggests  the  possibility 
of  smAll  multipole  monolithic  filters  at  very  high  fre- 
quencies. 
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INFINITE  CRATING  ON  AN  ISOTROPIC  SUBSTRATE 
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TUNING  FORK  RESONATORS 
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riCURf  1.  A Conventional  flexural  tuning  fork  resonator 
is  shown  in  the  upper  left  and  a "fa  t- shear" 
analogue  in  the  upper  tight.  The  hot  ora  of  the 
figure  shows  a primitive  horizintal  ..hear  gra- 
ting resonator  realised  by  stacking,  "face-shear 
tuning  forks. 


SURFACE  VIBRATION 


FIGURE  2.  Horizontal  shear  grating  on  a senl-lnfln- 
lte  substrate.  Vibration  Is  In  the  n- 
mode. 
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FIGURE  6.  Impedance- t t equencv  rrxpintif  of  Y-orlentcd 
X- ptopagat  in*  LINhOj  gtating  tesonstor. 
•bowing  a dense  spe^tiura  of  spurious  bulk 
resonances  superposed  on  the  wain  And  ttxm- 
surface  wave  resonance*.  Area  of  the  rlec- 
troded  region  (not  shown)  in  P.4?S**  x 0.62  V*. 


VIGl'KF  7.  Sane  aa  Fig.  6.  but  with  ends  of  the  sub- 
strate glued  to  Incite  supports.  Note  the 
two  transverse  node  resonances,  with  super- 
imposed  spurious  resonances,  on  the  high 
frequency  aide  of  the  main  resonance. 
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LiNtOj  CRATING  ON  LUCITC  SUPPORTS 
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